Introduction
Autoimmune thyroid disease, and in particular Hashimoto's thyroiditis, (HT), is a common disease, affecting up to 2% of the population [1] . Its prevalence is related to age and gender, since it is 5-to 10-fold higher in women than in men [2, 3] , and to family history, since 40-50% of subjects affected by this disease have another member of the family with a thyroid disorder [3, 4] . Different inheritance and environmental mechanisms are believed to be responsible of this disease. The most important environmental factors are cigarette smoking, psychological stress, iodine intake, intrauterine growth, bacterial and viral infections, and some drugs, such as interferon [3, 5] .
The natural course of autoimmunity and changes of thyroid function over time are unpredictable and commonly slow [6] [7] [8] [9] [10] [11] . Studies in adults show that progression from euthyroidism or subclinical hypothyroidism (SCH) to clinical hypothyroidism is common. Higher thyrotropin levels at onset and a high titer of thyroid antibodies are predictive of an increased risk to develop hypothyroidism [1] .
Obesity, especially central obesity, is linked to several endocrine abnormalities, including thyroid dysfunction .This is not surprising since T3 regulates energy metabolism and thermogenesis and plays a critical role in glucose and lipid metabolism [12] . TSH levels are at the upper limit of the normal range or slightly increased in obese children, adolescents, and adults, and are positively correlated with BMI [13] [14] [15] [16] [17] . Thyroid hormone levels have been reported to be normal, increased, and decreased in obese patients [12, 14, [16] [17] [18] [19] [20] ; this discrepancy probably reflects differences in the level and in the type of obesity, insulin sensitivity and eating habits (overeating or hypo-caloric diet) among the studies.
Interestingly, a population study performed in 27,097 obese individuals (BMI ≥ 30.0 kg/m 2 ), with age ≥ 40 yr, has shown that subjects with subclinical or overt hypothyroidism had higher BMI [14] . Moreover, BMI and fat accumulation have been shown to be positively correlated with TSH concentrations [12, [18] [19] [20] and negatively associated with serum FT4 levels [18] [19] in overweight and obese subjects with subclinical hypothyroidism.
Obesity (BMI ≥ 30 kg/m
2 ) has been shown to be a significant predictor of overt hypothyroidism in a cohort of older Australian [21] . Accordingly, subclinical hypothyroidism was associated with overweight and obese status in a cohort of children and adolescent [22] . In contrast with these studies, a moderate increase in total T3 or free T3 (FT3) levels has been reported in obese subjects [13, 16] .
Concerning the possible interrelationship between obesity, thyroid function and autoimmune thyroiditis, a recent study showed a higher rate of subclinical hypothyroidism in patients with morbid obesity, but this alteration was not due to a higher rate of thyroid autoimmunity [23] . It is not known whether overweight and obesity may influence the natural course of the thyroid autoimmunity, indanthrene is some debate about the link between obesity and the risk of autoimmune thyroid dysfunction (AITD), which is the main cause of hypothyroidism in adults. The prevalence of AITD in obesity has been reported to be 12.4% in children and between 10 and 60% in adults [23, 24] .
It is not known whether the presence of obesity is responsible for a more severe autoimmune thyroiditis and, consequently, for a higher prevalence of hypothyroidism. The present study investigated this aspect in a cohort of subjects all affected by autoimmune thyroiditis, with a wide range of BMI, euthyroidism or subclinical hypothyroidism.
Material and Methods
We randomly recruited 311 patients affected by autoimmune thyroiditis in the Outpatient Clinic of the Section of Internal Medicine, Endocrinology, Andrology and Metabolic Disease of the Department of Emergency and Organ Transplantation of the University of Bari. The diagnosis of autoimmune thyroid disease was defined according to the Laboratory Medicine Practice Guidelines of the Guidelines Committee, National Academy of Clinical Biochemistry (25) by the presence of positive antibodies to thyroglobulin and/ or thyroid peroxidase.
Biochemical severity of thyroid dysfunction at diagnosis was determined from serum concentrations of free T4 and TSH.
In detail, 160 subjects (Group 1: 140 women and 20 men, mean age 57.y ± 12.7y) underwent levothyroxine treatment, since at the moment of the diagnosis they were affected by subclinical hypothyroidism, defined as having a TSH level higher than 4.0 µU/ml, with a range from 4 to 10 µU/ml. L-thyroxine treatment ranged between 50 and 100 µg/die, in order to reach a condition of euthyroidism (TSH range between 1 and 2.5 µU/ml). This condition were reached within 3 months. 151 subjects (Group 2: 130 females and 21 males, mean age: 48.3 + 15.9 years) were affected by autoimmune thyroiditis, but in euthyroidism (TSH: 0.7-3.0 µU/ml) at the moment of the diagnosis and they continued to be euthyroid without the treatment for at least 3 years.
Diagnosis of thyroid autoimmunity had been done in all 311 patients at least three years before. None of the patients was treated by a hypo-caloric diet at the moment of the enrollment. Each patient during the out patients visits were investigated about the compliance to the therapy and the assumed regularly the L-thyroxine Serum concentrations of FT4, FT3, TSH, antithyroglobulin Ab (Tg-Ab) and antithyroperoxidaseAb (TPOAb) were measured in all patients. BMI was calculated as the weight (kg) divided by the square of height (mts). Serum concentrations of FT4 (normal range: 8.0-19.0 pg/ml), FT3 (normal range: 1.8-4.2 pg/ ml), and TSH (third-generation TSH assay; normal range: 0.4-4.0 mIU/l) were measured using immune-chemoluminescent assays by an automated analyzer (Immulite2000; Diagnostic Products Corporation Cirrus, Los Angeles, CA, USA), employing commercial kits (Diagnostic Products Corporation). Serum concentrations of Tg-Ab (normal range: <160 U/ml) and TPO-Ab (normal range: < 160 U/ml) were measured using immunochemoluminescent assays employing commercial kits (Brahms, Hennigsdorf, Germany). An accurate family and medical history was evaluated in all patients, investigating in particular metabolic and cardiovascular diseases. Ultrasound evaluation of the thyroid gland was carried out using a commercially available real-time instrument using a 7.5-10 MHz linear transducer. The echo density of the thyroid was also examined and defined in comparison with the anatomic structures that are isoechoic (submandibular glands) or hypo echoic (neck muscles) with respect to the normal thyroid tissue. All examinations were be made by the same operator. Echogenicity was categorized as normal, decreased, or increased when compared with muscles.
Statistical evaluation
Quantitative variables were summarized as mean and standard deviation if Gaussian distributed. Median and interquartile range were used for variables without Gaussian distribution. Values of TSH are expressed as median and interquartile due to non-Gaussian distributed. Qualitative data were summarized as percentage and count.
A multiple logistic regression model was applied considering the treatment with levothyroxine as dependent variable and the obese/overweight phenotype as independent variable. Additional independent variables were age, sex, length of disease, and TSH levels. A stepwise selection was first performed, and sex and age were afterward entered in the final statistical model. All analyses were performed by SAS 9.1 software for PC, and statistical significance was assessed for p-values < 0.05.
Results
We defined decreased echogenicity as the ecographic condition characterized by the score of +++ in comparison to the muscle echogenicity. All 311 patients showed a decreased echogenicity ranging between +++ and ++++ at ultrasounds, that is the ecographic pattern of the autoimmune thyroiditis. Table 1 show the main characteristics of the study sample. Patients of the Group1 resulted positive for Tg-Ab in 96.88% (155/160) while patients of the Group 2 resulted positive in 89.4% (135/151), the difference was statistically significant (p=0.0087). All patients in both groups were positive for Anti TPO antibodies. The two groups were significantly different also regarding mean duration of the disease. All patients were diagnosed at least 3 years before the start of the study, but in group 1 mean duration of the disease was 6.16y (SD 3.6) while in group 2 mean duration of the disease was 4.1y (SD 2.8) (p<0.0001). figure 1 the patients were classified in normal and obese people and compared: the percentage of obese patients was significantly higher in Group1 than in the Group 2 (p<0.0001).
The logistic model was used to assess if the need for levothyroxine therapy is related to the obese phenotype and other clinical variables such as age, sex, length of disease and TSH (Table 2) .
Obese phenotype resulted a statistically significant risk factor (OR 2.56 CL95% 1.09-6.03, p=0.0003). Other factors included in the model that significantly influence the need of levothyroxine therapy were TSH levels (OR 1.54, CL95% 1.157-2.057, p=0.0031) as expected and duration of disease (OR 6.46, CL95% 2.7-15.48, p<0.0001). Other factors, such as hypertension, diabetes mellitus type II, familiarity for thyroid pathologies; do not meet significant p-value to stay in the model.
Discussion
The present study, performed in a population of subjects all affected by decreased thyroid echogenicity and then by autoimmune thyroiditis, demonstrates that individuals affected by overweight or obesity are a higher prevalence of subclinical hypothyroidism.
Our logistic model confirmed that a more severe autoimmunity is associated with the presence of overweight or obesity that would accelerate the need of treatment with L-thyroxine. Concerning the mechanism explaining the link between obesity and the risk of autoimmune thyroid dysfunction (AITD), which is the main cause of hypothyroidism in adults, Marzullo et al found that leptin increases susceptibility to AITD by regulating immune processes [24] . Leptin levels were higher in AITD-positive obese patients than in AITD-negative patients, and the prevalence of AITD was higher in patients with leptin levels above a median of 33.8 µg /liter.
Apart from the possible role of leptin, chronic low-grade inflammation may well be a link between obesity, adipokine production, immune alterations, autoimmune thyroiditis and subclinical hypothyroidism. It is well known that obesity is a condition of low grade inflammation and that adipose tissue secretes a high quantity of other pro-inflammatory cytokines such as TNF-α, IL-6, IL-1, etc, entering in the circulation, and inducing systemic inflammation that involves liver, skeletal muscle, and other tissues [26] . Inflammatory cytokines might also induce vasodilatation, thus increasing the vessel thyroid permeability, with plasma exudation, and possibly explaining thyroid ultrasound hypoechogenicity. Thyroid damage might also increase the risk of severe autoimmune thyroid disease. All these hypotheses are in line with a recent paper showing that Hashimoto's thyroiditis is associated to an increased intima-media thickness only in overweight and obese subjects, independently of the thyroid function, BMI and cardiovascular risk factors, suggesting that Hashimoto's thyroiditis is a marker of evolution of atherosclerosis whether combined to adiposity [27] .
The difference in the prevalence of antithyroid antibodies between the two groups may be due to a different duration of the disease: the patients of group 2, who did not need levo-thyroxine treatment, had a shorter length of the disease as compared to patients of group 1. Another difference between the two groups was the higher prevalence of co morbidities such as type II diabetes, hypertension, and hypercholesterolemia. It may well be that these findings are related to the higher prevalence of overweight and obesity in group 1 than in group 2, and it is well known that obesity is a risk factor for hypertension and type 2 diabetes [28] .
In conclusion, the results of this study indicate that overweight and obesity increase the risk of autoimmune thyroiditis and subclinical hypothyroidism. It may well be that higher production of adipokines and generalized inflammation characterizing obesity may involve thyroid gland, generating autoimmune thyroiditis and subclinical hypothyroidism. 
